The BamHI J fragment of the pseudorabies virus (PRV) genome has not been associated with any viral transcripts during viral replication. In this report, data are presented to show that a portion of BamHI-J is transcribed during a productive infection. Four oligo(dT)-cellulose-selected RNA species were detected by hybridization with probes derived from BamHI-J. These RNAs were partially colinear, and they were transcribed in the opposite orientation with respect to the immediate-early gene (IE180) of PRV. At least one of the transcripts overlapped (antisense) the coding sequence of IE180 by 450 nucleotides. Expression of these RNAs was sensitive to phosphonoacetic acid, indicating that they are transcripts of PRV late genes. There were several similarities between these RNAs and the latency-associated transcripts detected in the trigeminal ganglia of swine latently infected with PRV (A. K. Cheung, J. Virol. 63:2908Virol. 63: -2913Virol. 63: , 1989 More than 80 PRV-specific RNAs have been detected (there are some duplications) in PRV-infected cells, and their general locations have been ascribed to various regions of the viral genome (2). The entire viral genome, with the exception of the BamHI J fragment, has been associated with RNAs of one or more classes. BamHI-J is approximately 4.8 kilobases (kb) and is located at 0.706 to 0.737 map units (Fig. 1) . Since BamHI-J contains a portion (approximately 1.8 kb) of the internal repeat sequence, the same transcription inactivity reported is implied for the BamHI 0 fragment, the duplicated terminal repeat sequence at 0.99 to 1.00 map units.
The BamHI J fragment of the pseudorabies virus (PRV) genome has not been associated with any viral transcripts during viral replication. In this report, data are presented to show that a portion of BamHI-J is transcribed during a productive infection. Four oligo(dT)-cellulose-selected RNA species were detected by hybridization with probes derived from BamHI-J. These RNAs were partially colinear, and they were transcribed in the opposite orientation with respect to the immediate-early gene (IE180) of PRV. At least one of the transcripts overlapped (antisense) the coding sequence of IE180 by 450 nucleotides. Expression of these RNAs was sensitive to phosphonoacetic acid, indicating that they are transcripts of PRV late genes. There were several similarities between these RNAs and the latency-associated transcripts detected in the trigeminal ganglia of swine latently infected with PRV (A. K. Cheung, J. Virol. 63: [2908] [2909] [2910] [2911] [2912] [2913] 1989 ).
The pseudorabies virus (PRV) genome is a linear, duplex DNA molecule with a molecular weight of approximately 90 x 106 (2) . It is estimated that the genetic material is capable of coding for 50 to 100 viral genes. The transcription pattern of PRV in infected cells is extremely complex; however, the genes are expressed in a coordinated and temporally regulated manner (8, 9, 12, 20) . In general, herpesvirus genes are categorized into three classes: immediate-early (IE), early, and late genes. The IE genes are transcribed immediately upon infection and do not require de novo protein synthesis. Transcription of early genes depends on IE protein expression and occurs before viral DNA replication. The late genes are transcribed after the onset of viral protein and DNA synthesis.
More than 80 PRV-specific RNAs have been detected (there are some duplications) in PRV-infected cells, and their general locations have been ascribed to various regions of the viral genome (2) . The entire viral genome, with the exception of the BamHI J fragment, has been associated with RNAs of one or more classes. BamHI-J is approximately 4.8 kilobases (kb) and is located at 0.706 to 0.737 map units (Fig. 1) . Since BamHI-J contains a portion (approximately 1.8 kb) of the internal repeat sequence, the same transcription inactivity reported is implied for the BamHI 0 fragment, the duplicated terminal repeat sequence at 0.99 to 1.00 map units.
Recently, I demonstrated that at least two virus-specific latency-associated transcripts (LATs) were detected in the trigeminal ganglia of swine latently infected with PRV (5). These RNAs were transcribed in the opposite polarity with respect to the PRV IE gene (IE180). They contained BamHI-J DNA sequences and overlapped the IE180 mRNA at the 3' end. It is interesting that the PRV LATs differ from their herpes simplex virus type 1 LAT analog at least in two respects. While both viruses are members of the alphaherpesvirus group and exhibit many common structural and biological properties, the LATs of PRV are polyadenylated and the LATs of herpes simplex virus type 1 are reported to have a varying degree of polyadenylation (19, 23, 25) . Herpes simplex virus type 1 LATs are antiparallel (i.e., opposite in polarity) and overlap ICPO and not ICP4 (14, (22) (23) (24) (25) (26) (27) . Although both ICPO and ICP4 are herpes simplex virus type 1 IE genes, ICP4 is the homolog equivalent of PRV IE180 (6) .
One of the questions that arises is whether the LATs are expressed only during latency, representing a new class of RNAs, thus not following the expression cascade described for PRV, or whether the LATs are actually expressed during replication and belong to one of the gene classes, i.e., IE, early, or late, but have so far eluded the attention of researchers. The mechanisms that control viral gene expression during replication and latency are intimately associated. It is crucial that the transcription activity or inactivity around the BamHI J region during replication be firmly established. In the present work, experiments were done to reexamine whether BamHI-J, which is transcribed during latency in the antiparallel orientation with respect to the IE180 mRNA, is also transcriptionally active during a PRV infection.The data obtained indicated that the RNAs derived fromlBamHl-J during viral replication share some common characteristics with the LATs previously described (5 Single-stranded RNA probes.
[35P]UTP-labeled runoff RNA transcripts of known specificity were generated from Bluescript plasmids (Stratagene, La Jolla, Calif.) containing PRV DNA as previously described (5) . Since identical probes were used to study the PRV LATs, their designations are retained in this report (Fig. 1 ). Probe Ia was derived from a plasmid containing the rightmost 220 nucleotides (nt) of BamHI-J, which, in fact, is the extreme 3' end of the IE180 gene.
Probe Illa was derived from the entire BamHI J fragment. Probe TCla was derived from a plasmid containing approximately 1,250 nt of the BamHI-I/BamHI-J junction sequences, 550 nt from BamHI-J and 700 nt from BamHI-I. Probe DP14a was generated from plasmid pDP14 (see below). During the synthesis of single-stranded probes, 5' and 3' sequences of plasmid origin were also transcribed; thus, sizes of the probes are usually greater than the PRV-specific sequences present in the plasmid. The polarity of all four probes is identical to that of the PRV IE180 mRNA. These probes were used for the detection of RNAs transcribed in the opposite orientation with respect to the IE180 mRNA.
Nick-translated probe. Plasmid pDP14 contains approximately 500 nt of the BamHI J fragment ( Fig. 1 ) and was nick translated (21) in the presence of [a-32P]dCTP for hybridization. The rightmost 60 nt of pDP14 overlaps probe Ia. Therefore, pDP14 is located about 150 nt from the BamHI-IIBamHI-J junction and extends leftward as indicated.
RNA analysis. SI nuclease protection analysis (15, 28) and Northern (RNA) blot analysis (17) of PRV-specific transcripts were done as previously described (5) . In all cases, equivalent amounts of RNA (determined spectrophotometrically) were used at each time point of the same experiment. Size estimates of the probes and the protected fragments were derived from RNA molecular weight standards purchased from Bethesda Research Laboratories, Inc. (Gaithersburg, Md. RESULTS Transcription from internal repeat sequence of BamHI-J. RNA transcription from the BamHI J fragment during a PRV infection was analyzed by S1 nuclease protection experiments. A single-stranded probe (probe Ia) containing the extreme 3' end (220 nt) of the IE180 transcript was used to analyze total cellular RNAs isolated from PRV-infected cells at the indicated times p.i. (Fig. 2) . The relative abundance of BamHI-J-derived RNAs present throughout the infection cycle was estimated by using an equivalent amount (25 analyzed by the S1 nuclease technique and electrophoresed on a 6% sequencing gel (16) . Sizes of the input probe and protected bands derived from a known sequencing ladder are indicated on the left and right, respectively.
were protected at 3 h p.i. At 4 and 6 h p.i., small amounts of several Si nuclease-resistant fragments could be detected. As the infection proceeded, these protected bands became more evident. Among them, two protected fragments of 217 and 222 nt (in close agreement with the PRV-specific sequences of 220 nt present in probe Ia) were the most prominent. They were maintained at approximately the same level for the rest of the infection cycle.
Si nuclease protection analysis with probe Illa (approximately 4.8 kb). To confirm and extend the SI nuclease analysis results obtained with probe Ia, I used the much larger probe Illa of the same polarity in similar experiments. Selected RNA samples (15 ,ug) from the indicated time p.i. were analyzed (Fig. 3) . No protected fragments were observed at 0 and 2 h p.i. At Confirmation of partially colinear transcripts and evidence for antisense sequence to coding region of PRV IE180 gene. Oligo(dT)-selected RNAs (5 ,ug) from various times p.i. were subjected to Si nuclease protection analysis with probe TCla. Multiple protected bands were observed, with the 1.2-and 0.35-kb fragments being more prominent during the infection. A protected fragment of 1.2 kb was observed at 4 h p.i. (Fig. 5) . As the infection proceeded, this 1.2-kb fragment, together with a 0.35-kb fragment, became more abundant, although minor bands were also observed. The 1.2-kb protected fragment demonstrated that one of the transcripts must contain nucleotide sequences complementary to the entire PRV-specific sequences present in the TCla probe. Furthermore, the 3' end of this particular transcript overlapped IE180 mRNA for about 850 bases. Since the size of the protected bands together exceeded the size of viral sequences in probe TCla, multiple transcripts must have derived from the same region and they shared at least 350 identical nucleotides.
Poly(A)+ versus poly(A)-RNAs. Total RNAs from two time points, 6 and 8 h p.i., were separated into poly(A)+ and poly(A)-fractions after recycling each sample through an oligo(dT)-cellulose column three times and washing the column extensively before elution. Equal amounts (10 ,ug) RNAs derived from internal repeat sequence of BamHI-J are not IE transcripts. Although the Si nuclease protection experiments (with probes Ia and TCla) and RNA blot experiments (with probe pDP14) consistently showed that the BamHI-J derived transcripts were not synthesized at the initial stages of the infectious cycle, it was possible that they were made at an extremely low level and therefore not detected. Previous work (4, 13, 20) showed that cycloheximide inhibits protein synthesis and facilitates the accumulation of the PRV IE180 mRNA. Parallel cultures were set up and incubated in medium containing cycloheximide 1 h before PRV (In-Fh) infection. Cells were exposed to virus for 1 h, still in the presence of cycloheximide, and then the culture medium was replaced with fresh medium with or without cycloheximide. Total RNAs from cycloheximidetreated MDBK cells that were mock infected (Fig. 6, lane 1) or PRV infected (Fig. 6, lane 2) did not yield any protected fragment when examined by Si nuclease analysis with probe Illa. When cycloheximide was removed from the PRVinfected cultures and replaced with regular medium, the RNAs isolated 1 h after cycloheximide removal (Fig. 6, lane  3) remained negative for probe Illa sequences. But by 4 h after cycloheximide removal (Fig. 6, lane 4) , protected fragments of 400, 550, 750, and 1,000 nt were detected. These protected fragments were similar to those obtained in an earlier experiment (Fig. 3) were analyzed, a portion of BamHI-J was shown to encode virus-specific transcripts, and the transcribed RNAs could be detected at 3 to 4 h p.i. These transcripts were not detected at earlier stages of the infection cycle and did not accumulate in cycloheximide-treated cells, indicating that they are not IE gene transcripts. The synthesis of these RNAs was severely inhibited by PAA treatment, which suggests that the RNAs are probably late PRV transcripts. Four poly(A)+ RNAs of >9.5, 8.2, 4.4, and 2.0 kb hybridized to probes (pDP14 and pDP14a) derived from BamHI-J. The relationship between these RNA species is not known at the present time. Whether the higher-molecular-weight RNAs are precursors for the lower-molecular-weight RNAs has not been examined. S1 nuclease protection analysis with probe TCla confirmed that at least two RNAs shared at least 350 identical nucleotides and that these RNAs are transcribed in the opposite orientation with respect to the IE180 mRNA.
The exact location of the PRV IE gene has been mapped and the DNA nucleotide sequence has been determined (3, 4, 6 As mentioned earlier, at least two poly(A)+ RNAs (2.0 and 0.95 kb) were detected in the trigeminal ganglia of latently infected swine that were experimentally exposed to the Becker strain of PRV (5) . The LATs are transcribed in the opposite orientation with respect to the IE180 mRNA and contain sequences derived from the internal repeat portion of BamHI-J, which is similar to the results obtained here with the In-Fh strain-infected cell RNAs. Indeed, a 2.0-kb RNA similar in size to one of the LATs was noted in this study. Thus, the data presented here and the results of LATs in latently infected swine (5) unequivocally demonstrated that the BamHI J fragment is transcriptionally active during viral replication as well as during latency. However, it is not clear whether any identical transcripts are synthesized under these two apparently mutually exclusive conditions. On one hand, the similarities between these two sets of RNAs suggest that the PRV LATs are actually late PRV transcripts synthesized during viral replication and that latency is induced when the normal infection cycle is interrupted by specific factors after the synthesis of LATs. On the other hand, these RNAs may be different at the molecular level. Therefore, a detailed comparative study is warranted to elucidate the exact nature of these two sets of RNAs. Unless the LATs are found to be unique and different from BamHI-J-derived transcripts during replication, the presence of LATs in animals exposed to PRV may be a necessary but not sufficient diagnostic marker for PRV latency; additional evidence is required to truly define the latent state. Experiments are in progress to analyze in detail the LATs as well as the RNAs detected in the present study.
